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Organic Peroxides 
By LEE LEISERSON* 


PREVIOUS to 1925, the organic chem- 
ist was restricted largely to the use of 
hydrogen peroxide (in concentrations up 
to 30%) and benzoyl peroxide for cer- 
tain types of chemical reactions. In re- 
cent years, many new organic peroxides 
have become available and hydrogen 
peroxide in high purity and in greater 
concentration can now be obtained. The 
demand for new oxidizing agents has 
been met in part by the introduction of 
such compounds as acetyl peroxide, ace- 
tyl benzoyl peroxide, lauroyl peroxide, 
tert.-butylhydroperoxide, ¢ert.-butyl per- 
benzoate, 1-hydrocyclohexyl hydroper- 
oxide-1 and others. 

Peroxides have a special application 
as initiators of polymerization and con- 
sequently several compounds have been 
developed to satisfy the needs of the 
synthetic polymer industry. 

In this article, a brief discussion will 
be given of the chemistry of organic 
peroxides, their usefulness in organic 
synthesis, in oxidation studies, for 
bleaching reactions, and as catalysts for 
polymerization, halogenation, and addi- 
tion reactions. 

The organic peroxides may be named 
as derivatives of hydrogen peroxide, 


H-O-O-H. Hydrogen peroxide has two 


replaceable hydrogen atoms. If one of 
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them is replaced by a radical, a hydro- 
peroxide is formed. The name “‘perox- 
ide”” should be reserved for the com- 
pounds which have both hydrogen atoms 


replaced. The per-organic acids have the 


alternate name of the radical and hydro- 
peroxide. Examples of this follow. 


CH; 
| 
CH;:C—OOH CH;:COOOH 
| 
CH; 
tert.-Butyl Acetyl hydroperoxide 


hydroperoxide or peracetic acid 


(CHsCO).O, CH:CO—O—O—-CO—-CsH: 
Acetyl peroxide or Acetyl benzoy] 
diacetyl peroxide peroxide 


Some naturally occurring peroxides 
have special names, for example, ascari- 
dole, as shown below. The formation of a 
transannular peroxide is a typical reac- 
tion of the anthracene nucleus, as in an- 
thracene-g, 10-peroxide. 


(0) Paar at 
| O1) 


a 
Ds LAV 
CH; CH: 


Ascaridole 





Anthracene-9, 10-peroxide 




























i NT a MMO 


RRS RL TTI ee OT 


Synthetic Organic Chemicals 








Reagent 


Acid potassium 
permanganate 

Acid dichromate 
and ether 

Ferric ferricyanide 


Lead sulfide paper 


Hydrogen peroxide 
Decolorized 


Blue coloration | 
dissolves in ether 
Prussian blue:formed 


Turns white—PbSO, 


Cyclohexene hydroperoxide 


Decolorized 


Negative—no color 
in ether 
Prussian blue formed 


_ Turns white—PbSO, 














Charcoal 
Blood 


O, liberated 
O, liberated 





Negative 
Decolorization and 
precipitation 








“Urea peroxide” is a misnomer, as it is - 


the molar addition product of urea and 
hydrogen peroxide, NH»,CONH.-HOOH. 

The properties of these compounds 
are as varied as their structure. How- 
ever, they will all liberate oxygen under 
certain conditions. They are usually 
determined analytically by their prop- 
erty of liberating iodine from acid potas- 
sium iodide solution. The iodine is then 
titrated with thiosulfate. The general 
nature of these materials may be illus- 
trated by comparative tests on hydrogen 
peroxide and cyclohexene hydroperoxide 
tabulated as above. 

It can be seen that peroxides can act 
both as oxidizing and reducing agents. 
The rapidity with which various mem- 
bers of this class of compounds liberate 
oxygen varies widely, depending chiefly 
on their structure. Although some perox- 
ides are unstable and explosive, methods 
have been worked out for making and 
handling some of these compounds. 
Members of higher molecular weight 
may, with care, be handled safely. Most 
solutions of peroxides are quite safe since 
the chain reactions initiated by their 
decomposition are stopped by the mole- 
cules of the solvent. 


Preparation 


Acyl peroxides are generally prepared 
by starting from sodium peroxide. The 
preparation of p-nitrobenzoyl peroxide 
and perbenzoic acid is described in 
Organic Syntheses. 


2 p-O:NCsHiCOCI + Na2xO2 —> 
(p—O.NCéHiCOO)2 + 2 NaCl 


(CsH;COO). + CH;0Na ——> 
C;H;COOONa + CsH;COOCHs 


C;H;COOONa + H.SO,;, ——> 
CsHsCOOOH + NaHSO, 


Methods of preparation for solutions 
of perbenzoic and peracetic acids 1a good 
yield have been developed as follows: 
> CsH;COOOH 


ultraviolet light 


CsH;:CHO + O, 





(CHsCO).0 + HOOH —> 
CHsCOOOH + CHsCOOH 


In this country, N. A. Milas has made 
many contributions to the methods of 
preparation of organic peroxides. He has 
found that hydrogen peroxide may be 
substituted for water in many reactions. 
Hydroperoxides are formed in a manner 
exactly analogous to the usual hydroxy 
compounds. 


RR’R”COH + HOOH — > RR’R”COH-:H:O, 


Distillation 
> RR’R” COOH 
~H20 





RCH = CH. + H2SO; ——> RCH-CH:; 
| 








OSO;H 
CH; 
HOOH | 

> R—CHOOH 

metal carbonate 

ROH + H:SO, ——> ROSO3H 

HOOH 

> ROOH 


metal carbonate 
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CH. CH» CH. CH: 
| | +HOOH — > | | 
CH: CH: CH: CH: 
Bo aes 
CHe CHe 


The reactions are general methods of 
preparation. However, the most com- 
mon reaction producing peroxides is 
autoxidation with the molecular oxy- 
gen of air. The hydroperoxides of cyclo- 
hexene, methyl! oleate, and tetralin can 
be obtained relatively pure. Usually, the 
intermediate compounds produced are 
not isolated but oxidation with molec- 
ular oxygen has been and will continue 
to be widely studied. For many years, 
the primary autoxidation reaction of 
olefins was generally assumed to be the 
direct addition of oxygen to the double 
bond. 

—@ 


ie . 
~Ch =CH- + O).-—o -CH CH 
It has now been shown that in most cases 
of addition in unconjugated olefinic sys- 
tems, molecular oxygen enters at the 


methylenic carbon atoms adjacent to 


the double bond. 


—CH:2CH = CH-— + O2: —> —CHOOHCH = CH-— 


The hydroperoxide thus formed con- 
tains one atom of active oxygen and one 
atom of replaceable hydrogen, the double 
bond being left intact. This is in direct 
contrast to the action of ozone. Molec- 
ular oxygen usually enters between a 
carbon-hydrogen bond, though a carbon- 
carbon bond may sometimes be broken. 
In conjugated diolefins, additions to the 
unsaturated system occur in 1 and 4 
positions. 

Rieche summarized the addition of 
oxygen to organic compounds in the fol- 
lowing set of reactions: 


(1) R-R+O,.— > R-O-O-R 


(2); RCH=CH-R+0O,—> 
R 


| | 
RCH —- CH-O-O- 
Polymerized ethylenic 
peroxide 


(3) RH-+0O.,.— > ROOH 

(3a) RCHO + O: —> RCOOOH 

(3b) RCH2:COR + O. —> RCHOOHCOR 
(3c) RCH2OH + O:. —> RCH(OOH)OH 
(3d) RCH2OR + O. —> RCH(OOH)OR 


Reactions 


All hydroperoxides are relatively un- 
stable. The absorption of oxygen by or- 
ganic compounds is promoted by sun- 
light and by numerous organic and inor- 
ganic chemical catalysts. Raising the 
temperature above normal appears to 
facilitate absorption. The decay of per- 
oxide groups .is strongly promoted by 
elevated temperatures, by prolonged il- 
lumination, and by certain chemical cat- 
alysts, such as iron salts, which can act 
both as oxidation catalysts and as per- 
oxide destroyers. In biological systems, 
catalase and the peroxidases are the 
catalysts. 

Except with the more stable peroxides, 
decay takes place at the same time as 
peroxide formation. Oxidative reactions 
can continue as far as chain scission. In 
many cases (depending on reaction con- 
ditions), a variety of intermediate prod- 
ucts can be produced. 

Farmer and coworkers summarized 
the reactions of peroxides as follows: 


(1) (a) -CH = CH— + RCOOOH — > 
O 
ot 
—CH—CH-— + RCOOH 
(b) -CH = CH— + ROOH — > 
O 
Pie 

—-CH—CH-— + ROH 

(c) -CH = CH— + ROO: ——> 
O 


res 
—CH—CH-——> RO- + —CH—CH- 
| 
OOR 
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Ws 2O + ~CH.- CH ~ CH- —— > 
ROH + —CH- CH = CH- 


(2) -CH = CH- + ROOH ——> 
—CH-(OR)—CH(OH)- 








(3) -CH—CH- —H -—CH 
| piel fot [ie 
KO O- O- 
See ae 
| + | 
O O 


H 
(4) -CH(OOH) ~ CH = CH- ——> 


—CHOH — CHOH — CHOH-— 


RCOOH 
(5) -CH(OOH) — CH= CH- ———>> 
“CH——CH CH- 


| | | 
OCOR OCOR OH 





(6) —CH(OOH) — CR = CH- ——~> 
H:2O0 


HO—-CH — COR + —COOH —~> 


| 
—COOH + RCOOH +—COOH 


F 
(7) -CH(OOH)CH = CH ——>> 


or heat 
—CO-— CH = CH— 
RCH(OOH)OR —> RCOOR + H:O 


(8) ROOH + H-O ——> ROH + H:O: 


Uses 


Peroxides are highly active com- 
pounds. It has been reported that the 
Germans used concentrated hydrogen 
peroxide as a source of oxygen for their 
rocket weapons V-1 and V-2. The dry- 
ing of paints and oils is intimately tied 
up with peroxide formation, as is gum 
and varnish formation in mineral oil 
and gasoline. Peroxides may play an im- 
portant part in biological oxidations. 
They afford a method of producing 
epoxy compounds, alcohols, aldehydes, 
ketones, and acids. 

The decomposition of peroxides usu- 
ally involves the formation of free radi- 


cals. Such radicals are exceedingly active 
and in general initiate chain reactions. 
It is this fact that has brought about 
their extensive use in the polymer in- 
dustry. Peroxides for this reason have 
the ability to produce abnormal addi- 
tions of reagents such as HBr, mercap- 
tans, and bisulfites, to unsaturated com- 
pounds. 

The peroxides act as catalysts in halo- 
genation reactions and in reactions where 
sulfuryl chloride is used as a chlorinating 
and sulfonating reagent. Their use af- 
fords a method of forming acid chlorides 
directly from hydrocarbons and oxaly! 
chloride, or phosgene. Kharasch and 
coworkers have recently reported good 
yields in the reactions shown below. 
They open a new field in aliphatic chem- 
istry. 








(RCO)20:2 
RCH = CH: + CCh > 
A 
RCHCICH.CCl; 
(RCO)20:2 
RCH = CH: + CHCI; > 
A 
RCH:CH-:CCI; 
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Erratum 
Vol. 17, No. 2, p. 2 (1945) 


Iw the article “Laboratory Preparation 
of Alkyl Amines” by Dr. J. B. Dickey, 
in the second equation under Section IE 
(2) ‘*8-Naphthol” should have read “‘a- 
Naphthol.”’ 











































